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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member‘bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the| subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International|Standard 1SO 15032 was prepared by Technical Committee ISO/TC 168, Prosthetics and ofthotics.

Annex A formis an integral part of this International Standard. Annex B is\given for information only.

iv © SO 2000 — All rights reserved
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Introduction

Throughout this International Standard, the term prosthesis means an externally applied device used to replace

wholly, or

in part, an absent or deficient limb segment.

During use a prosthesis is subject to a series of load actions each varying individually with time. The test methods

specified i

N this International Standard use Qimlnlifipd static and Pyr‘lir‘ Q'rrpng'rh tests in which antero-p

sterior (A-P)

and medig
two differe

The static
where loa
componer

The evalu
the labora

The labor
bearing p3

-lateral (M-L) components of loading are produced in separate tests by the application Of
nt test planes.

tests relate to the worst loads generated in any activity. The cyclic tests relate to normal wal
ds occur regularly with each step. This International Standard specifies fafigue testing
ts. The tests specified do not provide sufficient data to predict actual serviceylife.

htion of hip disarticulation prostheses and their components requires_Cofitrolled field trials
ory tests specified in this International Standard.

htory tests and field trials should be repeated when significant. design changes are mad
rt of a prosthesis.

Ideally, additional laboratory tests should be carried out to deal with function, wear and tear,

developm
standards

bnts, environmental influences, and amputee activitiesZas part of the evaluation procedure.
for such tests, so appropriate procedures will need'to be specified.

fest forces in

ing activities
of structural

n addition to

e to a load-

new material
There are no
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Prosth

eses — Structural testing of hip units

1 Scope

This Interr
which are
test methd

This Intern
posterior (|
test forceg

values of the components of loading which normally occur at different instants during the stance phase

2 Norn

The follow
this Intern
publicatio
investigatq
undated r
maintain r

ISO 8549
and exterr

3 Tern

For the pu
apply.

3.1

brittle failu
fracture off

3.2

ational Standard specifies test methods for components and assemblies of hip disarticulatio
arranged at hip and thigh level. It does not apply to other components of lower limb prosthe
ds are given in ISO 10328.

ational Standard specifies procedures for simplified static and cyclic strength-tests in whic
A-P) and medio-lateral (M-L) components of loading are produced in separate tests by the

native reference

ng normative document contains provisions which, through reference in this text, constitute

s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent edition of the normative document indicate

pferences, the latest edition of the normative.document referred to applies. Members of

pgisters of currently valid International Standards.

1:1989, Prosthetics and orthotics — Vocabulary — Part 1: General terms for external lim
al orthoses.

s and definitions

rposes of this International Standard, the terms and definitions given in ISO 8549-1 and

Fe
any comyponent without significant plastic deformation at the fracture

n prostheses
ses for which

h the antero-
hpplication of

in two different test planes. The components of loading produced in the test sample relat¢ to the peak

of walking.

provisions of

ational Standard. For dated references, subsequent,amendments to, or revisions of, any of these

ncouraged to
I below. For
SO and IEC

b prostheses

the following

ductile fail

Ha
ot

(...y fracture of any component with significant plastic deformation at the fracture

3.3

ductile failure

(...) gross

3.4

plastic deformation of the test sample

test equipment
any test machine or device adapted or specifically designed to the test requirements of this International Standard

and compl

© 1S0O 2000 -
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4 Test configurations

4.1 General

4.1.1 For ease in interpretation, presentation and application of this International Standard, two test
configurations are specified, one for right-sided application and a mirror image for left-sided application. This
approach enables the application of uniform sign conventions for corresponding components of loading generated
in the load-bearing structures of right and left prostheses or asymmetrically designed prosthetic components.

4.1.2 Each test configuration is defined in a three-dimensional, rectangular coordinate system, containing a
geometric system of planes, lines and points (see Figures 1 and 2).

4.1.3 Each test configuration specifies reference parameters both for the position of the line of applicgtion of the
test force ang for the alignment of test samples within the coordinate system.

4.2 Axes ¢f coordinate system

4.2.1 The jaxes of each of the coordinate systems have an origin at ground level ,andare specified jn 4.2.2 to
4.2.4 in relation to a prosthesis which is standing on the ground in a vertical position

If a test sample is not in a vertical position, the axes of the coordinate system shall*be rotated to correspond.

4.2.2 The|u-axis is a line extending from the origin and passing threugh the effective knee-joint centre (see
5.5.2.2) and the effective hip-joint centre (see 5.5.2.4). Its positive direction is upwards (in the proximal difection).

4.2.3 The p'-axis is perpendicular to the u'-axis and parallel to the effective hip-joint centreline (see §.5.2.3). Its
positive dire¢tion is outward (in the lateral direction), which is to\the left for a left prosthesis and to the|right for a
right prosthesis.

4.2.4 The f'-axis is perpendicular to both the o'-axis and the u'-axis. Its positive direction is forward tgwards the
toe (in the arfterior direction).

4.3 Referg¢nce planes

The reference planes (see Figure 1) shall-be parallel planes perpendicular to the u'-axis of the coordinate|system.

4.3.1 Bottom reference plane, BK

The bottom feference plane, BK,-is located at a distance U’ = U'gk from the origin. It contains the bttom load
application ppint Pgk.

4.3.2 Kneelreference plane, K

The knee reference plane, K, is located at a distance u' = u'x from the origin. It contains the effective|knee-joint
centre (see §5.52.2).

4.3.3 Hip reference plane, H

The hip reference plane, H, is located at a distance u' = U’y from the origin. It contains the effective hip-joint centre
(see 5.5.2.4).

4.3.4 Top reference plane, TH

The top reference plane, TH, is located at a distance U’ = u'ty from the origin. It contains the top load application
point PTH'

2 © IS0 2000 — All rights reserved
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Figure 1 — Coordinate system according to 4.2 with reference planes
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Figure 2 — Test configurations for A-P and M-L tests in

¢) M-L test loading condition
f’-u’- and o'-u'- plane
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4.4 Reference points

The reference points shall be the points of intersection of the load line (see 4.6) with the reference planes. The
coordinates of the reference points are as follows:

bottom load application point Pgk (f gk, 0'Bk, UBK);

knee load

reference point Pk (f'k, 'k, Uk);

hip load reference point Py (f'H, O'H, U'R);

top load a

NOTE

45 Tes

The test fgrce F shall be a single compressive load applied to the bottom and top-lead application pg

4.6 Loa

The load |
Ph.

4.7 Ref

4.7.1 Off

The offset]
the u-f-plg
coordinate

4.7.2 Effective lever arms

The effectjve lever arms shall be the perpendicular distances from the load line to the effective joint
1 5.5.2.4), where.Ll represents the knee effective lever arm and Ly the hip effective lever arm.

5.5.2.2an

4.7.3 Dis

Lek-TH Sh

)plication point PTH (f ,THr O'TH, U'TH).
In the following text the f’- and o’-coordinates are also referred to as offsets (see also 4.7).

[ force

d line

ne shall be the line of application of the test force F which'passes through the reference g

prence distances

sets
5 shall be the perpendicular distances:of the reference points (see 4.3.1 and 4.4) from the ¢

ne of the coordinate systems (see’4.1 and 4.2). They are identical with the correspond
s, respectively, of these referehce points.

tance LpgratH

|l be'\the distance between the bottom load application point Pgk (see 4.3.1 and 4.4) and

applicatior

point Pty (see 4.3.4 and 4.4).

5 Test

samples

5.1 Types of test sample

5.1.1 Nu

There are

mber of types

two types of test sample, as described in 5.1.2 and 5.1.3.

© 1SO 2000 — All rights reserved
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5.1.2 Complete structure

The complete structure shall comprise the hip unit and at least the following:

a)

thigh segment or suitable attachment;

b) any special attachment at the knee; and/or

c) any parts above the hip unit including the socket.

5.1.3 Hip unit

The hip unif shall be attached to suitable attachments to give the same overall dimensions as thg complete
structure.

The interfacg of such attachments shall have mechanical characteristics similar to those of.the”intendef adjacent
components,

5.2 Respqgnsibilities regarding selection, preparation and alignment of test samples

5.2.1 The manufacturer/submitter shall be responsible for the selection and assembly of the components to be
tested, and fpr the provision of specified parts to be replaced during the cyclictests.

5.2.2 The manufacturer/submitter shall be responsible for preparing the test submission document complete with
alignment and/or service instructions, as necessary.

5.2.3 The manufacturer/submitter shall apply a unique and traceable identification to each test sample,

5.2.4 The Joad application levers (see 6.2.1) shall be attached by either the manufacturer/submitter pr the test
laboratory/fagility.

5.2.5 The lest laboratory/facility shall seek the:advice of the manufacturer/submitter if the specific degign of hip

units incorpo

526 The
and effective

Fates any special characteristics.

test laboratory/facility shall be-responsible for adjustment of the alignment to give the corr
lever arms during test.

5.3 Selection of test samples

If appropriat¢, the prosthetic, structures selected for test shall be drawn from standard production. Det
selection shall be recorded in the test submission document. If the manufacturer/submitter supplies a
stating that the test sample has been taken from the normal production, this certificate shall be included
submission document;~together with details of the sampling method.

pct offsets

ails of the
certificate
in the test

5.4 Preparation of test samples

Any cosmetic components shall be omitted from the test sample, unless they contribute to the structural strength.

The test samples shall include all parts normally fitted.

NOTE

During the course of the cyclic tests, specified parts are replaced when the number of cycles has reached a value at

which such replacement is indicated in accordance with the manufacturer's/submitter's service instructions and/or the test
submission document.

The test sample including any end fittings shall be assembled in accordance with the responsibilities regarding the
preparation of the test sample and the test submission document.

© 1SO 2000 — All rights reserved
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5.5 Alignment of test samples

5.5.1 General requirement

All test samples shall be aligned in accordance with the responsibilities regarding the alignment of the test samples
(see 5.2) and the requirements specified in 5.5.2.

5.5.2 Description of effective centres and effective centrelines

5.5.2.1  Effective knee-joint centreline

For a morjocentric knee unit without a lock or stance phase control mechanism, the effective kneé-jgint centreline
shall coindide with the joint flexion axis.

For all other knee units, the effective knee-joint centreline shall be established from the manufacturerfs/submitter's
written alignment instructions included in or submitted with the test submission document!

The effectjve knee-joint centreline shall lie in the o'- U'- plane of the coordinate system parallel to the jeffective hip-
joint centre¢line.

5.5.2.2 |Effective knee-joint centre
The effectlve knee-joint centre shall lie on the effective knee-joint centréline.

For symmegtrical knee units, the effective knee-joint centre shallbe the point on the effective knee-jgint centreline
equidistant from the external boundaries of the unit.

For asymmetrical or handed knee units, the position of the effective knee-joint centre shall be establighed from the

manufactyrer's/submitter's written alignment instructions for the knee unit included in or submitted |with the test
submissiop document.

5.5.2.3 |Effective hip-joint centreline

For a monjocentic hip unit without a lock-@r stance phase control mechanism, the effective hip-joint cgntreline shall
coincide with the joint flexion axis.

For all other hip units, the effective hip-joint centreline shall be established from the manufacturerns/submitter's
written alignment instructions‘ineluded in or submitted with the test submission document.

The effectfve hip-joint centreline shall lie in the o'- u'-plane of the coordinate system parallel to the o’-axis.

5.5.2.4  |Effectiveship-joint centre

The effectlve-hip-joint centre shall lie on the effective hip-joint centreline.

For symmetrical hip units, the effective hip-joint centre shall be the point on the effective hip-joint centreline
equidistant from the external boundaries of the unit.

For asymmetrical or handed hip units, the position of the effective hip-joint centre shall be established from the

manufacturer's/submitter's written alignment instructions for the hip unit included in or submitted with the test
submission document.

5.5.3 Worst case alignment
The structurally worst alignment position of the test sample shall be defined by the manufacturer/submitter in the

test submission document. It shall lie within the limitations of the manufacturer's/submitter's written instructions for
the alignment of the limb as supplied with every component of the type.

© I1SO 2000 — All rights reserved 7
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Where the structurally worst position cannot be defined, then the test sample shall be adjusted so that it is moved
90 % of the distance from neutral alignment to extreme alignment. The adjustment shall be directed away from the
load line so as to increase the effective lever arm.

6 Testre

6.1 Types

6.1.1 Static

quirements and conditions
of test

tests

Each static tJast shall consist of a single load application to a sample.

The static teg

6.1.2 Cycli
The cyclic te

Each cyclic t

6.2 Test Ipading requirements

6.2.1 Test

In order to a

load line in r¢lation to the test sample shall be established through application of the following test loading

d) for load
applied
e) the test
required
f)  the test
bottom 3

g) no corrg

conditiofs, and this deflection alters the initial knee and hip offsets.

6.2.2 Test

6.2.2.1 Gq

ts shall consist of a static proof test, a static failure test and a static torsional proof test

tests
5ts shall consist of repeated applications of a load to a test sample.

bst shall be followed by a final static load test.

oading principle

ow the test loading conditions to be applied in a uniform and reproducible manner, the pos
ng, the positions of the load line within,.the coordinate system shall be such that the te]
ither in the f’- Uu'-plane or in the 0'- Uu'-plane (see Figures 1 and 2);

sample shall be assembled to a fixed length using end attachments consisting of extension
and the load application levers;

sample shall be set up either'in the f’- u'-plane or in the o'~ u'-plane of the coordinate syste
nd top load applicationfevers adjusted so that the knee and hip offsets are correct;

ctions shall be made to the load application levers if the test sample deflects under the te

oading conditions

pneral

tion of the
principle:
St force is
pieces as

m with the

st loading

The test loading conditions for A-P, M-L and torsional tests are based on internal reference loads, consisting of an
axial force, bending moments and a twisting moment. These are described in annex A together with their effects.

NOTE Further reference data are given in annex B together with several sets of formulae for calculating specific values of
axial force, effective lever arms and offsets.

6.2.2.2 A-

P plane test loading conditions

In the A-P plane test loading conditions shown in Figures 2 a) and 2 b), the components of loading shall be

produced by

the application of a single test force in the f'- u'-plane of the coordinate system.

© 1SO 2000 — All rights reserved
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Two different A-P plane test loading conditions are specified and each shall be applied in a static proof and failure
test procedure and a cyclic test procedure (see 6.4):

a) the A-P extension test loading condition shown in Figure 2 a) shall be applied to all hip units;

b) the A-P flexion test loading condition shown in Figure 2 b) shall be applied to hip units with a stride limiter in
addition to the A-P extension test loading condition.

6.2.2.3  M-L plane test loading condition

In the M-L plane test loading condition shown in Figure 2 c), the components of loading shall be produced by the
application of a single test force in the o’- u'- plane of the coordinate system.

The M-L glane test loading condition shall be applied in a static proof and failure test proceduredand a cyclic test
procedure|(see 6.4).

6.2.2.4 [Torsional test loading condition

The A-P dlane and M-L plane test loading conditions shall be supplemented by a-separate torsional test loading
condition o be applied about the u’-axis in a static and a cyclic test procedure (see 6.5).

6.2.3 Tept loading levels
The load fctions to which a lower limb prosthesis is actually subjected during use vary with indivifual physical
parameters, locomotion characteristics of the user and other factors. For these reasons different gategories of
prostheses are needed and, consequently, different test loading.Jevels are specified.

The serieq A test loading levels A100, A80 and A60 shall apply to lower-limb prostheses for adults.

NOTE 1 |[For test loading levels A100, A80 and A60, the values for the dimensions and test loads of the |A-P, M-L and
torsional tegt loading conditions are specified in Tables 8 and 4.

NOTE 2 |Test loading levels A100, A80 and A60 correspond to the series A test loading levels specified in 1ISO |10328-3.
6.3 Reduirements and conditiongrelevant to test procedures and equipment

6.3.1 Gdneral

Set the dimensions of the-test pieces and attachments, and the test loads in accordance with the vallies specified
in clause 7. Carry out any\single test in accordance with the particular requirements stated in the teqt submission
document|submitted with each test sample.

Ensure that the.test equipment has sufficient freedom of movement to permit unrestricted deformatign of the test
sample.

Ensure that any attachments to the test sample do not enhance or relieve the specified test loads in the structure
under test.

Ensure that any records called for are entered in the test laboratory/facility log and copied to the test report, in
accordance with clause 9.

6.3.2 Proof test of end attachments used for A-P and M-L tests

6.3.2.1 General

Carry out a proof test of end attachments consisting of the load application levers and any extension pieces used,
and measure their stiffness in either of the manners specified in 6.3.2.2 and 6.3.2.3 (see note 1).

© I1SO 2000 — All rights reserved 9
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NOTE 1 The method of proof test specified in 6.3.2.2 can result in test configurations in which the position of the assembly of
end attachments will be inclined relative to the line of load application at a greater angle than in the relevant test situation with a
test sample. If the assembly cannot be tested in such a position, the alternative method of proof test specified in 6.3.2.3 may be
applied.

NOTE 2 It may be necessary to apply the proof test of end attachments to different sets of end attachment, individually
designed to the requirements of the different test loading conditions.

NOTE 3 It is not necessary to repeat the proof test of end attachments if earlier test results for previously tested relevant
combinations of end attachments are available and are suitable.

6.3.2.2 Standard proof test of end attachments

6.3.2.2.1
specific test

Assemble together any nonprosthetic components used in the test sample for the appligation of a

oading condition. Set both load application levers in the same direction.

If the extensi

pn pieces used have means of adjustment, this shall be set to the worst structural-¢ondition.

If it is necegsary to use additional components to allow assembly of end attachments, the stiffnes$ of these
components [shall not be less than the stiffness of the other nonprosthetic components-when assembled|in the test
situation.

6.3.2.2.2 Within the range of adjustability required for the test loading cendition to be applied, set |both lever
arms in the same direction to their maximum length.

6.3.2.2.3 Place the assembly in the test equipment.

6.3.2.2.4 Apply to the assembly the settling force Fget of the "A-P and M-L test loading conditions at the relevant
test loading Ipvel, specified in Table 4.

Maintain this|force, Fget, for a period between 10 s and 30 s, and then remove it.

6.3.2.2.5 \pply to the assembly the stabilizing-test force Fggp specified in Table 4 and maintain jt until the
measuremer]t specified below is completed.

Measure and
cross-head)

record the distance Lgk.Tigas L or the displacement 6 of the moving load application point (e.g. the
rom its reference position_in the test equipment as 4.

6.3.2.2.6
the A-P and

ncrease the test force’ smoothly at a rate between 100 N/s and 250 N/s to the proof test fq
M-L test loading-eonditions at the relevant test loading level, specified in Table 4.

rce Fpa of

Maintain this|force, Fpj, Until the measurement specified below is completed.

Measure and
cross-head)

recorethe distance Lgk.TH @s Lo or the displacement 6 of the moving load application poift (e.g. the
rom its reference position in the test equipment as oo

6.3.2.2.7  Decrease the test force to Fgtay and maintain it until the measurement specified below is completed.

Measure and record the distance Lgk.TH as Lz or the displacement ¢ of the moving load application point (e.g. the
cross-head) from its reference position in the test equipment as 3.

6.3.2.2.8  Calculate and record the deflection D at Fp,, and the permanent deformation D, at Fgap, respectively,
between the bottom and top load application points as follows:

D1 =Li—Loor Dy =65 -0

Dy, =Li—Lzor Dy =63—-91

10 © IS0 2000 — All rights reserved
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Do not use the end attachments if the measured values exceed the following limits:
maximum deflection at Fp, D1 =2 mm;
maximum permanent deformation at Fgigp Do=1mm.

6.3.2.2.10

6.3.2.3

6.3.2.3.1
the test s3

Record the results of the test.

Alternative proof test of end attachments

Assemble together two identical sets of end attachment used either on the bottom or on the top side of

in the same

direction.
If the exte

If it is ne
componer
situation.

NOTE
necessary,
the assemi

6.3.2.3.2

6.3.2.3.3
permanen
follows:

Dy, x/
Do, x/
where ind
and index

test situati

NOTE
deformatior

6.3.2.3.4

mpln for the npplinnfinn of a Qpnnifir‘ test Innrling condition. Set both load npplir:\finn lever

Nsion pieces used have a means of adjustment, this shall be set to the worst structural.cond

Cessary to use additional components to allow assembly of end attachments,“the stiffn
ts shall not be less than the stiffness of the other nonprosthetic components.when assembl

Each set of end attachment consists of the load application lever, the extension piece and additional
to be connected to one end of the test sample. An example of an assembly.of two identical sets of end
ly of two bottom load application levers and associated components for'the M-L test.

Continue the test, following the instructions in 6.3.2.2.2 10.6:3.2.2.7.

Calculate the deflection of the assembly of two identical sets of end attachment D1 x,y at
| deformation Dy ;v at Fgtap, respectively, between the bottom and the top load applicat

=L1 xiy— Lo, xiy OF D1, xpy =02, 0y — d@yxiv
=Ly, xsy — L3, xiy 0or Do xpy = 03, xpy 591, xiy

bx X (X = AP-E, AP-F, ML) identifies the test loading condition involved (A-P extension, A-P
Y (Y = B, T) identifies the side\of application of each set of end attachment within the test {
bn (B for bottom and T for_top).

For the example giveniin the note of 6.3.2.3.1, the designations/symbols of the deflection and
read D1, M/ and D2 MiL/B, respectively.

Do not use)the sets of end attachment if the measured value of permanent deformg

exceeds the following limit:

maxin

num permanent deformation at Fgigp Do, xy =1 mm

6.3.2.3.5

tion.

pss of these
ed in the test
components, if

attachment is

Fpa, and the
on points as

flexion, M-L)
ample in the

he permanent

tion at Fgtap

Repeat 6.3.2.3.1 to0 6.3.2.3.3 for two identical sets of end attachment to be connected to

the opposite

end of the

6.3.2.3.6

test sample for the application of the same test loading condition.

Do not use the sets of end attachment if the measured value of permanent deformation at Fgigp
exceeds the following limit:

maximum permanent deformation at Fgtap Do, xy = 1 mm

6.3.2.3.7

Calculate the mean deflection Dy, x/mean at Fpa Of the combination of a bottom and a top set of end

attachment to be used in the test sample for the application of the specific test loading condition as the mean of the
values of deflection calculated in 6.3.2.3.3 and 6.3.2.3.5:

D1, ximean = 1/2 Dy, i + 1/2 Dy 57 = 1/12 (Dq, x5 + D1, x/7)

© 1S0O 2000 -
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6.3.2.3.8

Do not use the combination of bottom and top set of end attachments in the test sample for the

application of the specific test loading condition if the calculated value of mean deflection at Fp, exceeds the
following limit:

Maximum mean deflection at Fpa Dy, x/mean = 2 mm

6.3.2.3.9

Record the results of the test, giving a cross-reference if earlier results are employed.

6.4 A-P and M-L test procedures

6.4.1 General

6.4.1.1 Conduct all A-P and M-L tests with the components of the test sample set in the worst case|alignment
position as specified in 5.5.3.

6.4.1.2 For all tests in the A-P flexion test loading condition, adjust the stride limiter with.the hip unitfin the fully
extended position. If this is not possible, adjust the stride limiter to minimum stride length (minimum hip flgxion).

In order to ayoid a stride limiter of specific design being ‘pushed out' during the cyclie test due to the load line being
behind its piyot point, it may be necessary to alter the angle of the hip attachmeni-plate to move the Ipad line in
front of the pivot joint. Such modifications should be agreed between the manufacturer/submitter arjd the test
laboratory/ fgcility.

Record any modification(s) performed in the test report.

6.4.1.3 Carry out all M-L tests with the hip unit in the fully extended position.

NOTE An offset in the A-P plane, not exceeding 10 mm, may be used during the M-L test to apply an extensior] moment in
order to maintgin the test sample in full extension.

Record the vplue of any offset in the A-P plane used in the test report.

6.4.2 Statiq A-P and M-L proof tests

NOTE 1  Aijtest sample that has successfully.completed the cyclic A-P or the cyclic M-L test procedure (including the final
static load tesf) may be used for the static A-RP-orthe static M-L proof test, respectively, after realignment (see note 1{of 6.7).
NOTE 2  THe measurements specified in"6.4.2.1 to 6.4.2.5 and 6.4.2.8 may be carried out with the test sample mounted
either in the telst equipment or in a special jig which applies the stabilizing test force Fstap.

6.4.2.1 Prepare and alignythe test sample in accordance with clause 5 and the test submission document.

At zero loafl set the~knee and hip offsets (f', f'n, 0k and o'y) and the test sample segmeht lengths
(Uk - Uk, UH - Uk and“U'ty - U'y) in accordance with the values for the relevant test loading condition and test
loading level] specified in 7.2.1 and Table 3.

Measure and

racord
recort

a) f'k, f'y, 'k and o'y, and

b) Uk - Upgk, Uy - Uk and Uty - Uy

6.4.2.2
relevant test

Maintain this

loading level, specified in Table 4.

force, Fget, for a period between 10 s and 30 s, and then remove it.

Allow the sample to rest at zero load for a period of at least 15 min before proceeding with 6.4.2.3.

12

Apply to the test sample the settling force Fget Of the A-P and M-L test loading conditions at the

© 1SO 2000 — All rights reserved
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6.4.2.3 Apply to the test sample the stabilizing test force Fgi5, Specified in Table 4.

6.4.2.4 In accordance with the values for the relevant test loading condition and test loading level, specified in
Table 3, adjust the bottom and top load application levers until the knee and hip offsets (f'k, f'y, 0’k and o'y) are
correct at the stabilizing test force Fgtap.

6.4.2.5 Apply and maintain the stabilizing test force Fgigp until the measurements specified below are
completed.

Measure and record

a) f'k, f'f, o'k, and o'y,
b) Lk and Ly, and

c) the digtance Lgk.TH as L4 or the displacement & of the moving load application point (e.g. the crogs-head) from
its reference position in the test equipment as & 4.

NOTE If the measurements of a) and b) have been carried out with the test sample placed in a special jig,| the stabilizing
test force Fstap has to be removed and re-applied by the test equipment upon transfer-of the test sample from the jig to the test
equipment pefore proceeding with c).

6.4.2.6 Increase the test force smoothly at a rate between 100.N/s and 250 N/s to the proof tes} force Fgp of
the A-P and M-L test loading conditions at the relevant test loading.level, specified in Table 4.

Maintain this force, Fgp, at the prescribed value for 30 s.
6.4.2.7 Decrease the test force to Fgigp.

6.4.2.8 Maintain the stabilizing test force Fgigp =50 N until the measurements specified below are completed.
Complete the measurements within 15 min.

Measure dnd record

a) the digtance Lgk.TH as Lsg or the~displacement § of the moving load application point (e.g. the crogs-head) from
its reference position in the test-equipment as o5,

b) f'k, f'}, o'k, o'y, and
c) LkandLp.

NOTE If thetmeasurements of b) and c) are intended to be carried out with the test sample placed in a $pecial jig, the
stabilizing tpstforce Fstap has to be removed and re-applied by the jig upon transfer of the test sample from the {est equipment
to the jig afferhaving completed a).

6.4.2.9 Calculate and record the permanent deformation, D3, between the bottom and top load application
points:

D3=Lg—Ls orD3=95—- 94

6.4.2.10 If a permanent deformation D3 exceeding 15 mm occurs, the test sample does not satisfy the
requirements of the static A-P or M-L proof test of this International Standard.

6.4.2.11 If any individual component of the test sample fails to function safely after this test, record that this

component does not satisfy the requirements of the static A-P or M-L proof test of this International Standard in the
combination of components in the test sample.

© 1SO 2000 - All rights reserved 13
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6.4.2.12

6.4.3 Static A-P and M-L failure tests

NOTE 1

A-P or the static M-L failure test, respectively, after realignment.

NOTE 2
equipment or i

6.4.3.1

n a special jig which applies the stabilizing test force Fstap.

If the test sample fails, record the load at failure and the nature of the failure in the test report.

A test sample that has successfully completed the static A-P or the static M-L proof test may be used for the static

The measurements specified in 6.4.3.1 to 6.4.3.5 may be carried out with the test sample mounted either in the test

Prepare and align the test sample in accordance with clause 5 and the test submission document.

At zero loa

(U —Upk, U
loading level

Measure andg

a) f ’Ki f ’Hv
b) uk-—Ugy
6.4.3.2

relevant test
Maintain this
Allow the san
6.4.3.3

6.4.3.4
Table 3, adjy
correct at the

6.4.3.5
completed.

Measure andg

a) f'k,f'm,

b) Lk andL}.

1, set the knee and hip offsets (f'k, f'y, O’k and o'y) and the test sample segme
H— Uk and U'ty — U'y) in accordance with the values for the relevant test loading eonditio
specified in 7.2.1 and Table 3.

record
D'k and o'y, and
, Uy —Uk and Uty —Uy.

Apply to the test sample the settling force Fget Of the A-R/and M-L test loading conditi
loading level, specified in Table 4.

force, Fget, for a period between 10 s and 30 s, and.théh remove it.

hple to rest at zero load for a period of at least &5 min before proceeding with 6.4.3.3.

Apply to the test sample the stabilizing test'force Fgtq Specified in Table 4.

n accordance with the values for the\rélevant test loading condition and test loading level, g
st the bottom and top load application levers until the knee and hip offsets (f'k, f'y, 0'k an

stabilizing test force Fgigp.

Apply and maintain the “stabilizing test force Fgian until the measurements specified

record:

D'k, and Q'

£

Nt lengths
n and test

bns at the

pecified in
d o'y ) are

below are

NOTE If

he measurements OT a) and D) have been carried out with the Test sample placed In a special Jig, th

e stabilizing

test force Fstap has to be removed and re-applied by the test equipment upon transfer of the test sample from the jig to the test
equipment before proceeding with 6.4.3.6.

6.4.3.6

sustains the ultimate test force for brittle failure Fg, pyittie (S€€ 6.4.3.7).

Record the maximum value of the test force F reached during the test.

6.4.3.7

Increase the test force smoothly at a rate between 100 N/s and 250 N/s until the test sample fails or

The test force F which the test sample shall withstand in order to satisfy the requirements of the static

A-P or M-L failure test of this International Standard is dependent upon the mode of failure that may occur (for
definition of mode of failure see 3.1, 3.2 and 3.3).

14

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=62774e85bd2c2cacb32d84b70997689b

ISO 15032:2000(E)

The test sample shall satisfy the requirements of the static A-P or M-L failure test if it sustains the ultimate test
force for brittle failure Fgy pritte, OF if ductile failure occurs at a load exceeding the ultimate test force for ductile

failure Fgy guctile-

The values for Fg, of the A-P and M-L test loading conditions at the relevant test loading level are specified in
Table 4.

If expressly requested by the manufacturer/submitter, or if requested in the test submission document, the static
failure test may be continued after the test sample has withstood the test force specified in Table 4 for brittle failure
until failure actually occurs. In this case the attachments used need a higher value of stiffness, i.e. the values of
their deflection and permanent deformation must keep within the limits specified in 6.3.2 at a higher proof load than
is specifiefl In Table 4.

6.4.3.8 If failure occurs, inspect the specimen to detect the mode of failure and record the.resufts in the test
report.

6.4.4 Cylic A-P and M-L tests

6.4.4.1 |General requirements applicable to cyclic A-P and M-L tests

6.4.4.1.1 | The test equipment shall generate a single pulsating test force-F, as shown in Figure|3, oscillating
through the range of cyclic test force F¢ with an initial force Fnyi, to generatera maximum test force Fy, 4y, where

Fmax f Fmin + Fc

6.4.4.1.2 | The waveform of the pulsating test force F generated by the test equipment shall be sigusoidal (see
Figure 3). |If it is certified that a sinusoidal form is not possible, then the waveform shall be smpoth with no
overshoot|spikes.

L

Key /
Test lodd F, M, 1 LN
Time
Initial tefst load Fpin, Mymin 3 /
Maximum test load
Fma><1 Mu’max
5 Range ¢f cyclic testlgad

Fe, My 2

A WON B

Figure 3 — Load cycle parameters for cyclic tests

6.4.4.1.3 The test equipment shall switch off if the cyclic test force F. deviates by more than 10 % of the
maximum test force Fpax.

The test equipment control mechanism used to generate the sinusoidal waveform may require a number of cycles
to achieve the required waveform. During this settling-in period the waveform shall be smooth with no overshoot
spikes, and the maximum force applied shall not exceed the maximum test force Fyax by more than 10 %.

6.4.4.1.4 The test equipment shall switch off if the deflection between the bottom and top load application points
Pgk and Pty at Fyax increases by more than 5 mm from its initial value of deflection at Fpax-
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The initial deflection measurement shall be made when the test equipment is running at the prescribed load with
the prescribed waveform (see 6.4.4.2.8 and 6.4.4.2.9).

6.4.4.1.5 If the test frequency selected is higher than 1 Hz, then the maximum frequency shall be below the level
at which dynamic mass effects begin to affect the maximum load value or the waveform.

6.4.4.1.6  During the course of the cyclic A-P and M-L tests, specified parts shall be replaced when the number
of cycles has reached a value at which such replacement is indicated in accordance with the manufacturer’'s/
submitter’s service instructions and/or the test submission document. All such replacements shall be recorded in
the test report.

6.4.4.1.7 est-samples—that-sueeessiully—cemplete—a—eyelietestshall—at—the—reguest—ei—the—suhmitter, be
visually examined at x 4 magnification or greater, and the presence and nature of any cracks recorded|in the test
report.

6.4.4.1.8 All test samples that successfully complete a cyclic test shall be subjected to aninal statid test force
Ff = Fsp (se€|6.4.4.2.17).

6.4.4.2  Cyclic A-P and M-L test procedure

NOTE THe measurements specified in 6.4.4.2.1 to 6.4.4.2.5 may be carried out with"the test sample mounted gither in the
test equipment or in a special jig which applies the stabilizing test force, Fstah, and/orthe maximum test force, Fmax-

6.4.4.2.1 Prepare and align the test sample in accordance with clause 5 and the test submission document.

At zero loagl, set the knee and hip offsets (f'k, f'y, Ok and,0'y) and the test sample segmeht lengths
(Uk - U'gk, Uj - Uk and U'ty - U'y) in accordance with the values for the relevant test loading condition and test
loading level| specified in 7.2.1 and Table 3.

Measure and record

a) f'k,f'n, Pk and o'y, and

b) Uk-—-Upk, Uy—Ukand Uty —UH.

6.4.4.2.2 Apply to the test sample _the settling force Fge; Of the A-P and M-L test loading conditipns at the
relevant test Joading level, specified in Table 4.

Maintain this|force, Fget, for a-period between 10 s and 30 s, and then remove it.

Allow the sample to rest‘at-zero load for a period of at least 15 min before proceeding with 6.4.4.2.3.

6.4.4.2.3 Applystoithe test sample the stabilizing test force Fgiap Specified in Table 4.

6.4.4.2.4 n accardance with the values for the relevant test loading condition and test loading level, dpecified in

Table 3, adjust the bottom and top application levers until the knee and hip offsets (f'k, f 'y, 0'k, and o'y) are correct
at the stabilizing test force Fgtap.

6.4.4.2.5
completed.

Apply and maintain the stabilizing test force Fgigp until the measurements specified below are

Measure and record
a) f'K, f’H, o'k and o'y

b) Lk andLy, and
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c) the distance Lgk.TH as Lg or the displacement & of the moving load application point (e.g. the cross-head) from
its reference position in the test equipment as 5.

NOTE If the measurements of a) and b) have been carried out with the test sample placed in a special jig, the stabilizing
test force Fstap has to be removed and re-applied by the test equipment upon transfer of the test sample from the jig to the test
equipment before proceeding with c).

6.4.4.2.6  Apply to the test sample the maximum test force F 5 Of the A-P and M-L test loading conditions at the
relevant test loading level, specified in Table 4.

Maintain this force, Fyax, until the measurements specified below are completed.

Measure dnd record
a) f'k, fh, o'kand o'y,
b) Lk andLy, and

c) the distance Lgk.TH as L7 or the displacement ¢ of the moving load applicatiérpoint (e.g. the crogs-head) from
its refprence position in the test equipment as 6.

NOTE If the measurements of a) and b) have been carried out with the te'st sample placed in a special jig,|the maximum
test force Fmax has to be removed and re-applied by the test equipment upon‘transfer of the test sample from the jig to the test

equipment pefore proceeding with c).

6.4.4.2.7 | Reduce the test force to the initial test force Fyjn.specified in Table 4.

6.4.4.2.8 | Maintain the initial test force Fn,i, and applyZthe cyclic test force F¢ of the A-P and M-l test loading

conditions|at the relevant test loading level, specified.in* Table 4, at the frequency called for in the tegt submission
document(for a series of cycles.

Do not prpceed with 6.4.4.2.9 until the test sample and test equipment have settled down and fchieved the
waveform [specified in 6.4.4.1.2 with F¢ not deviating by more than 10 % of Fpy,ax.

Stop the test equipment and record the humber of cycles required to settle down in the test report.

NOTE The number of cycles required for the test to settle down will be determined by the nature of the test Jample and the
test equipmlent control mechanisny.

6.4.4.2.9 | Apply to the test sample the maximum test force Fnax. Measure and record the initial| value of the
distance Ugk.TH as Lg/of the displacement 6 of the moving load application point (e.g. the cross-hpad) from its
reference positioninthe test equipment as Jg.

6.4.4.2.10| (Reduce the test force to the initial test force Fnin.

6.4.4.2.11 Maintain the initial test force Fnyi, and apply the cyclic test force F. of the A-P and M-L test loading

conditions at the relevant test loading level, specified in Table 4, for the number of cycles specified in Table 4 and
at the frequency called for in the test submission document.

Inspect the waveform of the applied cyclic test force F.. Terminate the test if the waveform does not comply with
6.4.4.1.2.

Set the test equipment displacement trip to 5 mm above the value of the initial displacement &g at Fryax determined
in 6.4.4.2.9.

6.4.4.2.12 Examine the test sample for damage if the test equipment has switched off due to excessive
displacement.
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If the test sample has failed, record that the test sample does not satisfy the requirements of the cyclic A-P or M-L
test of this International Standard.

If there is no sign of failure, restart the test from 6.4.4.2.8 and apply the specified number of cycles reduced by the
number of cycles completed before the test equipment tripped.

6.4.4.2.13 Measure and record f'k, f'y, 0’k and o'y, Lg and Ly as well as Lgk_ty or displacement ¢ at Fpjn, and
Fmax on the following occasions:

a) if the number of cycles of load has reached a value at which the exchange of specified parts is indicated in
accordance with the manufacturer's/submitter's service instructions and/or the test submission document (see
6.4.4.1.6);

d) when th¢ specified number of cycles has been completed.

After the exghange/replacement of specified parts, the test may be restarted from 6.4.4.2.1,:6:4.4.2.2 of 6.4.4.2.8,
depending ofp the mechanical properties of these parts and the complexity of the dis- and¢eassembling|of the test
sample necepsary for their exchange/replacement.

6.4.4.2.14 Record in the test report all occurrences of switch-off, the number of ‘eyeles of load applied|up to that
time, the durgtion and the reason for switch-off.

6.4.4.2.15 Continue the test until failure occurs or the endurance (nufmber of cycles in the test) specified in
Table 4 has been reached. In each case record the total number of cycles‘of load applied in the test repoft.

6.4.4.2.16 If a test sample fails, record the nature of failure in the test report.

6.4.4.2.17 In accordance with 6.4.4.1.8, subject all test saniples that successfully complete a cyclic test to the
final static tept force F¢ = Fgp of the A-P and M-L test loadingsconditions at the relevant test loading leve|, specified

in Table 4, applied at a rate between 100 N/s and 250 N/s.

To pass the {est, the load shall be maintained for 30 s without failure or gross deformation.

6.4.4.3  Fgilure criteria for cyclic A-P and M-L tests

6.4.4.3.1 If any one sample tested at-a frequency of less than 3 Hz does not achieve the minimum pndurance
specified in Table 4, the component.is:deemed not to satisfy the requirements of the cyclic A-P or M-L fest of this
International|Standard.

6.4.4.3.2 If a sample testeéd-at a frequency of 3 Hz or higher fails, then at least one further sample shall be
tested at lesg than 3 Hz inthe same test loading condition and at the same test loading level. If any further sample
fails, the component is~deemed not to satisfy the requirements of the cyclic A-P or M-L test of this Infernational
Standard.

s deemed

a sample fails to sustain the final static force F¢ = Fgp for a period of 30 s, the component

6.5 Torsional test procedures

6.5.1 General

Carry out the test in one direction of loading only. For asymmetrical test samples apply the torque in the direction
tending to rotate the knee internally relative to the hip.

A hip extension moment may be applied in addition to the applied torque if this is necessary to maintain the

structural integrity of the test sample when the torque is applied. This should, however, be agreed between the
manufacturer/submitter and the test laboratory/facility.
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Record the application of a hip extension moment in the test report together with its approximate value.

6.5.2  Static torsional proof test

6.5.2.1 The manufacturer/submitter shall assemble the test sample in accordance with the manufacturer's
instructions, taking care in the tightening of bolts which clamp components together. The tightening torques of the
bolts shall be stated in the test submission document. All adjustable components shall be set in their midpositions.

The test laboratory/facility shall attach any fixtures necessary for mounting the test sample in the test equipment.
The tightening torques of any bolts shall be recorded in the test report.

6.5.2.2 Set up the test sample with the hip unit In Tull extension and with the effective Knee-Jand hip-joint
centres aligned along the u'-axis.

6.5.2.3 Fix one end of the test sample and apply a twisting moment M, to the other,’end to generate the
settling tofsional moment My se; Specified in Table 4.

Maintain this moment, M get, for a period between 10 s and 30 s, and then remove it:
Allow the $ample to rest at zero load for a period of at least 15 min before proceeding with 6.5.2.4.

6.5.2.4 Apply to the test sample the twisting moment M, to generate ‘the stabilizing torsional mgment Myystap
specified i Table 4, and maintain it until the markings and readings of6.5:2.5 are completed.

6.5.2.5 Mark the initial angular positions at the junctions of all*parts.

Measure and record the initial angular positions relevant, to twisting about the u’-axis of the boftom and top
componerjts of the test sample 81 and 81 respectively.

6.5.2.6 Increase the twisting moment M, smoothly at a rate not exceeding 4 Nm/s to generate|the torsional
proof monpent Mysp specified in Table 4. Maintaify-the torsional proof moment for 30 s and then decrgase it to the
stabilizing [torsional moment Mgiap-

Note and fecord the time elapsed for testing.

6.5.2.7 Maintain the stabilizing‘tersional moment Mgtap UNtil the measurement specified below is completed.
Complete the measurement wijthin’15 min.

Measure and record the final angular positions relevant to twisting about the u-axis of the botfom and top
componerts of the test'sample 6, and 6+, respectively.

Note and fecord the-time elapsed for measuring.

6.5.2.8 Calculate and record the relative angular movement about the u'-axis between the ends of the test
sample &1 as Tollows:

O0r1=(0p2 — Op1) — (012 — Op1) Or Or1=(0p2 — Or2) — (Op1 — O11)

6.5.2.9 The test sample shall satisfy the requirements of the static torsional proof test of this International
Standard if the relative angular movement between the ends of the test sample 6,1 does not exceed 3°, and the hip
unit continues to function safely.

If appropriate, use the marking of the initial angular positions at the junctions of all parts specified in 6.5.2.5 to
establish where and what amount of slippage has occurred.
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6.5.3 Cyclic torsional test

6.5.3.1

6.5.3.1.1
Myc with the

Mumax =

6.5.3.1.2

General requirements applicable to the cyclic torsional test

initial twisting moment Mymin to generate a maximum twisting moment Mymax, Where

Mumin + Muc

that a sinusoidal form is not possible, then the waveform shall be smooth with no overshoot spikes.

The test equipment shall generate a single pulsating twisting moment M, oscillating through the range

The waveform of the pulsating twisting moment M, shall be sinusoidal (see Figure 3). If it is certified

6.5.3.1.3
maximum tw

The test equ
to achieve th
spikes, and t
than 10 %.

6.5.3.1.4
ends of the t

The value o
prescribed o

6.5.3.1.5
at which dyn

6.5.3.1.6
cycles has
submitter's s
the test repo

6.5.3.1.7

The test equipment shall switch off if the cyclic twisting moment M. deviates by more than_1

sting moment Mmax-

pment control mechanism used to generate the sinusoidal waveform may require,a numbe
e required waveform. During this settling-in period the waveform shall be smeoth with no
he maximum twisting moment applied shall not exceed the maximum twistingnmoment My m

The test equipment shall switch off if the relative angular movement about the u'-axis be

bst sample at Mymax increases by more than 3° from its initial value at Mymax-

initial relative angular movement shall be determined when the test equipment is runn
ad with the prescribed waveform (see 6.5.3.2.6 t0 6.5.3:2.8).

If the test frequency selected is higher than 1 Hz, thensthe maximum frequency shall be belo

hmic mass effects begin to affect the maximum load value or the waveform.

During the course of the cyclic torsional test) specified parts shall be replaced when the

0 % of the

I of cycles
overshoot
Lx by more

tween the

ing at the

v the level

number of

eached a value at which such replacement is indicated in accordance with the manyfacturer's/

ervice instructions and/or the test submission document. All such replacements shall be r
t.

All test samples that successfully complete the cyclic torsional test shall, at the requ

submitter, b¢ visually examined at x 4 magnification or greater, and the presence and nature of g

recorded in t

6.5.3.1. 8
twisting mom

6.5.3.2 Cy
6.5.3.2.1

instructions,
bolts shall bg

he test report.

All test samples that-successfully complete the cyclic torsional test shall be subjected to a
ent Myt = Mysp (5€€'6.5.3.2.16).

clic torsionaltest procedure

The manufacturer/submitter shall assemble the test sample in accordance with the man

bcorded in

est of the
ny cracks

final static

ufacturer's

fakifgtcare in the tightening of bolts which clamp components together. The tightening torg

ues of the

stated in the test submission document. All adjustable components shall be set in their midpositions.

The test laboratory/facility shall attach any fixtures necessary for mounting the test sample in the test equipment.
The tightening torques of any bolts shall be recorded in the test report.

6.5.3.2.2

centres aligned along the u'-axis.

6.5.3.2.3

settling torsional moment Myset Specified in Table 4.

Maintain this

moment, Myset, fOr a period between 10 s and 30 s, and then remove it.

Allow the test sample to rest at zero load for a period of at least 15 min before proceeding with 6.5.3.2.4.

20

Set up the test sample with the hip unit in full extension and with the effective knee- and hip-joint

Fix one end of the test sample and apply a twisting moment M, to the other end to generate the
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6.5.3.2.4  Apply to the test sample the twisting moment M,y to generate the stabilizing torsional moment M stap
specified in Table 4, and maintain it until the markings and readings of 6.5.3.2.5 are completed.

6.5.3.2.5  Mark the initial angular positions at the junctions of all parts.

Measure and record the initial angular positions relevant to twisting about the u-axis of the bottom and top
components of the test sample 03 and 63 respectively.

6.5.3.2.6  Apply to the test sample the initial twisting moment Mymin Specified in Table 4 and maintain it or
maintain the stabilizing twisting moment Mg, respectively, and then apply the cyclic twisting moment M
specified in_ Table 4 at the frequency called for in the test submission document for a series of cycles

Do not prpceed with 6.5.3.2.7 until the test sample and test equipment have settled down and pchieved the
waveform |specified in 6.5.3.1.2 with M not deviating by more than 10 % of Mymax-

Stop the test equipment and record the number of cycles required to settle down in the teStyreport.

NOTE The number of cycles required for the test to settle down will be determined by thevnature of the test Jample and the
test equipmlent control mechanism.

6.5.3.2.7 | Apply to the test sample the maximum twisting moment My max SPecified in Table 4 and mpintain it until
the measyrement specified below is completed.

Measure and record the angular positions relevant to twisting about\the u'-axis of the bottom and top| components
of the test[sample fp4 and 64 respectively.

6.5.3.2.8 | Calculate the initial relative angular movement.at Mymax about the u'-axis between the ends of the test
sample & as follows:

Or2=|(0pa— Op3) — (014 — O13) or Or2 = (Opa—01a) — (Op3— O13)
6.5.3.2.9 | Reduce the twisting moment Mxt0 the initial twisting moment Mymin and maintain it.

6.5.3.2.10] Apply the cyclic twisting-mqoment for the specified number of cycles at the frequency called for in the
test submission document. The valué of M, and the number of cycles are specified in Table 4.

Inspect the waveform of the ‘@pplied cyclic twisting moment M. Terminate the test if the wavefgrm does not
comply with 6.5.3.1.2.

Set the tgst equipment.displacement trip to the value corresponding to a relative angular movemgnt about the
u'-axis between the'ends of the test sample of 3° greater than the value of the initial relative angular npjovement 6.,
at Mymax fletermined in 6.5.3.2.8.

6.5.3.2.11] EXamine the test sample for damage if the test equipment has switched off due to exceksive relative
angular movement (see 6.5.3.1.4).

If the test sample has failed, record that the test sample does not satisfy the requirements of the cyclic torsional test
of this International Standard.

If there is no sign of failure, restart the test from 6.5.3.2.6 and apply the specified number of cycles reduced by the
number of cycles completed before the test equipment tripped.

6.5.3.2.12  Measure and record the angular positions of the bottom and top components of the test sample 6 ymin
and @ min respectively at Mymin / Mystab, and @ pmax and 8max respectively at Mymax, and calculate and record the
related values of relative angular movement about the u'-axis between the ends of the test sample 8, on the
occasions identified in a) and b) as follows:
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Orx=(0 bymax — '9bymin) - (thmax - thmin) or Or=(0 bymax — '9tymax) - (0 bymin — '9tymin)

where x=3,4,5,..,nandy=x-2=1,2,3,...,n=2

a)

if the number of cycles of load has reached the value at which the exchange of parts is indicated in accordance

with the manufacturer's/submitter's service instructions and/or the test submission document (see 6.5.3.1.6);

b) when the specified number of cycles has been completed.

NOTE

After the exchange/replacement of specified parts, the test may be restarted from 6.5.3.2.1, using the original

markings specified in 6.5.3.2.5 for resetting up the test sample, from 6.5.3.2.3 or from 6.5.3.2.6, depending on the mechanical

properties of
exchange/repl

6.5.3.2.13
time, the dur

6.5.3.2.14
Table 4 has

6.5.3.2.15

6.5.3.2.16
test to the fin

uuuuu

pcement.

and ra accamhlina Af tha thct camnla nanncca
and—re-assembling—of—the—test—sample—recessa
Record in the test report all occurrences of switch-off, the number of cycles of load.'applied
htion and the reason for switch-off.

Continue the test until failure occurs or the endurance (number of cycles ‘in the test) s
been reached. In each case record the total number of cycles of load applied in the test repo

If a test sample fails, record the nature of failure in the test report.

n accordance with 6.5.3.1.8, subject all test samples that suceessfully complete the cycli
al static twisting moment Myt = Mygp specified in Table 4, applied at a rate not exceeding 4

in the same dlirection as the cyclic load which has been applied.

To pass the
components

4

g

6.533 F

6.5.3.3.1
slippage at
displacemen
the cyclic tor

If appropriatg
establish wh

NOTE Opyi

Opy 3
fp3 and 63 4

test, the load shall be maintained for 30 s without failure, or slippage at interfaces betwee
of the test sample producing a permanent angular displacement greater than 3°.

ilure criteria for cyclic torsional test

calculation of relative angular movement on the occasion of any occurrence of switch-off
he interface between adjacent components of the test sample has produced a permang

0 py @t Mymin / Mystap Of more than 3°, the test sample is deemed not to satisfy the requi
Sional test of this International.Standard.

, use the marking of theuinitial angular positions at the junctions of all parts specified in 6
bre and what amount.of slippage has occurred.

calculated as folleWws:

(& bymin — Op3)— (Otymin - F13) or &py = (&bymin — Ftymin) — (003 — O13)
re determined in 6.5.3.2.5 and & py min and &tymin are determined in 6.5.3.2.13.

6.5.3.3.2
specified in
International

6.5.3.3.3

y for their

up to that

becified in
t.

C torsional
Nm/s and

N adjacent

shows that

Nt angular
ements of

.5.3.25 to

Standard.

{ any. one sample tested at a frequency of less than 3 Hz does not achieve the minimum pndurance
i i i i i est of this

If a sample tested at a frequency of 3 Hz or higher fails, then at least one further sample shall be

tested at less than 3 Hz. If any further sample fails, the component is deemed not to satisfy the requirements of the

cyclic torsion

6.5.3.3.4

al test of this International Standard.

If a sample fails to sustain the final static twisting moment Myf = Mygp for a period of 30s, the

component is deemed not to satisfy the requirements of the cyclic torsional test of this International Standard.
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The minimum number of tests required in order to claim compliance with this International Standard shall be as
shown in Table 1. All A-P and M-L tests shall be conducted in the worst case alignment position (see 5.5.3).

Table 1 — Required tests

Type of test

Minimum number of tests required

Tests required for all hip units

Supplementary tests required for
hip units with a stride limiter

Static proof test

1 test in A-P extension

1 test in A-P flexion

and
1 test in M-L

Static failure test

1 test in A-P extension
and
1 testin M-L

1 test in A-P flexion

Cyclic test

1 test in A-P extension
and
1 test in M-L

1 testin A-P flexion

S

—

dtic torsion test

1test

Cytglic torsion test

1test

6.7 Redtrictions on multiple use of test samples

Test samples that have been subjected to A-P test loading conditions shall not be subjected to M-L

conditions|or vice versa.

Test samples which have been subjected to the static proof test or the static failure test shall not be

cyclic test|(but see note 1).

NOTE 1 |[Test samples which hayessuccessfully completed the cyclic test procedure (including the final static

be used forfthe static proof test orcithe-static failure test after realignment.

NOTE 2 |For hip units with a stride limiter, a test sample which has satisfied the requirements for the A-P exte

be used for|the A-P flexion test.

6.8 Accpracy

6.8.1 Theltest equipment (see 3.4) and any jig used for alignment and/or measurement shall be

test loading

used for the

oad test) may

nsion test may

calibrated at

I <l pu | £ Ll Lila. + H + <l
least annuatty-andrecords-of the—catibratormrmaintaited:

6.8.2 The test equipment and any jig used for alignment and/or measurement under load shall measure the
highest load to be applied to an accuracy of within + 1 %.

6.8.3 The test equipment and any jig used for alignment and/or measurement shall measure linear and/or
angular dimensions to an accuracy of within £ 0,1 mm or = 0,1°, respectively.

6.8.4 For the cyclic tests, the test equipment shall control the frequency of test to an accuracy of within + 10 %.

6.8.5 Linear dimensions shall be set with a tolerance of + 1 mm.

6.8.6  Angular dimensions shall be set with a tolerance of + 1°.
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7 Test loading parameters

7.1 Test loads and references

All relevant test loads are listed in Table 2 together with references to the specific subclauses and tables of this
International Standard.

Table 2 — Test loads and references

References
Test load
Subclause Table
Stabilizing|test force 6.3.2;6.4.2;6.4.3;6.4.4.2 4
Fstab =50N
Settling test force 6.3.2;6.4.2;6.4.3;6.4.4.2 4
Fset = 0,8 FC
Static prodf test force of proof test of end 6.3.2 4
attachmengs
Fpa = 1,2 3 Fsy brittle
Static prodf test force 6.4.2;6.4.4.1;6.4.4.2;6.443 4
Fsp = 1,75[x F¢
Static failufe test force 6.4.3 4
— ductile:|Fsy = 1,5 x Fgp
— brittle: Fgy =2,0 x Fgp
Initial test force 6.4.4.1;644.2 4
Cyclic test|force 6.4.41;6.4.4.2 4
Fe
Maximum pyclic test force 6.4.4.1;,6.4.4.2 4
Fmax = Fmn + Fc
Stabilizing|twisting moment 6.5.2; 6.5.3.2 4
Mystab = JNm
Settling twjsting moment 6.5.2;6.5.3.2 4
Muset = 3 Nm
Static prodf twisting moment 6.5.2;6.5.3.1; 6.5.3.2; 6.5.3.3 4
Mu’sp
Initial twistjng moment 6.5.3.1; 6.5.3.2 4
Mymin = 1|Nm
Cyclic twistingmaoment 65316532 4
Mu'c
Maximum cyclic twisting moment 6.5.3.1; 6.5.3.2 4
Myumax = Mumin + Muc
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7.2 Details of loading

7.2.1 Length of test sample

The length of the test samples is determined by the following relationships:
Uk —Ugk =100 mm
Uy — Uk =400 mm

Uty —UWy =200 mm

NOTE For the different u'-levels, see clause 4 and Figure 1.

7.2.2 Logqd reference points, offsets and effective lever arms

The f'- and o’-coordinates (offsets) of the load reference points on the bottom, knee, hip’and top refefence planes
and the effective lever arms for the A-P and M-L test loading conditions at the different test loading Igvels shall be
in accordance with Table 3.
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Table 3 — Configurations for A-P and M-L tests

Type of test Reference Reference Offsets 2) Effective
plane centre lever arms 1) 2)
mm mm
A-P extension| Bottom Pek f'gx =104 3 ogk=0 3
Knee Pk f'k=67 ok=0 Lk =63
o Hlp PH f,H:—83 O’H:0 LH:78
8 Top PtH f'th=-159 3 oty=0 3
i + = TN D il e 2 3) o 3)
[} A-P ftexion DOoTom FBK TBK— 1 OBK — U
>
Q Knee Pk 'k=0 ok=0 x40
(@]
% Hip PH f'y=29 oy=0 Ly429
© o 3) —_n3)
ke Top P1H f'rh=43 otH=0
g M-L Bottom Pgk f'ek=0 %) ogk =—37 3
Knee Pk f'k=0 ok =-47 Lk 9447
Hip PH 'n=0 oy<=86 Ly486
Top PtH f'ty=0 3) oy =-106 3
A-P ¢xtension| Bottom Pek f'gk =115 3 ogk=0 3
Knee Pk 'K=75 ok=0 Lk 470
Hip PH f’H =-84 O’H:0 LH: 78
8 o 3) —09
< Top PtH f'ry=-163 oty=0
O | A-P flexion Bottom Pk f'Br. =9 3 ogk=0 3
= Knee P =0 oK =0 Lcd0
= Hip Ph 'n=35 oy=0 Ly35
S =533 09
o Top Pty f'th=53 otH=0
é M-L Bottom Pgk f'ek=0 3) ogk =—49 3)
Knee Pk 'k=0 ok =-57 Lk 457
Hip PH ’HZO O’H:—gl LH: 90
Top PtH f'ty=0 3) oty =-108 3
A-P g¢xtension| Bottom Pek f'ek =116 3) ogk=0 3)
Knee Pk f'k=77 ok=0 Lx472
o Hlp PH f'y=-76 opy=0 Ly471
:?: Top Pty f 'TH=-153 %) otH=0 %)
= . . 3 _n3
% A-P flexion Bottom Pek f'gk =-10 ) ogk=0 )
= Knee Pk f'k=0 ok=0 Lx40
S Hip Py =41 oy=0 Ly=41
S " =62 9) —09
=2 Top Pty f TH=62 otH=0
é M-L Bottom Pgk f'ek=0 %) ogk =—63 %)
Knee Pk 'k=0 ok =—67 Lk =67
Hip PH ’HZO O’H:—83 LH:83
Top PtH f'ty=0 3) oTH=-92 3
1) For 'offset' and 'effective lever arm' see 4.7.1 and 4.7.2.
The given values are rounded to the integer mm - values nearest to the exact values calculated from the relevant
components of loading acting on the effective knee and hip joint centre (see also Annex B).
3) Offsets in the bottom and top reference planes are only for guidance in aligning test samples.
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The test loads and endurance for the A-P, M-L and torsional test loading conditions at the different test loading
levels shall be in accordance with Table 4.

Table 4 — Test loads and endurance

Test load
Type of test Symbol Value for
level level level
A100 A 80 A-§0
A-P and M-L loading condition
Proof test of end attachments Fpa 5376 N 4410 N 378D N
All tes|s Fstab 50N 50'N 50 N
Fset 1024 N 840 N 720 N
Static fests Fsp 2240 N 1838 N 1576 N
F . 3360 N 2756 N 2368 N
su,ductile
= i 4480 N 3675N 315D N
su,brittle
Cyclic|test = 50 N 50 N 50 N
min
Numbgr of cycles: 2 x 10° Fe i ggg m i 288 m gg; m
Fmax
Torsional loading condition
A” tes|s Mu’stab 1 Nm
Murset 3 Nm
Static forsional test Mysp 50 Nm
Cyclic|torsional test Mymin 1 Nm
. 6 30 Nm
Numbegr of cycles: 2 x 10 Muc 31N
m
Mu’max
8 Testlsubmissionr-decumen

8.1 Document need

The test submission document shall accompany each item submitted for testing in accordance with clauses 5, 6

and 7. It shall provide the information specified in 8.2 to 8.4.

8.2 General requirements

8.2.1 The manufacturer/submitter shall prepare the test submission document with any associated information
and shall provide at least one copy with every item submitted for test.
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8.2.2 The manufacturer/submitter shall clearly indicate a name and address for communication purposes. If
appropriate, the identity of the original equipment manufacturer shall be provided.

8.2.3 A unique and traceable identification for the test submission document shall be provided by the
manufacturer/submitter who shall maintain a record of such identification. This identification shall also be applied to
the test sample.

8.2.4  The test laboratory/facility required to conduct the test shall be clearly indicated.

8.2.5 The date of submission or dispatch to the test laboratory/facility shall be clearly indicated.

8.3 Infornfation required for test samples

8.3.1 All te$t samples

The following information, attributable to a fully traceable identification for each test sample,shall be inclyded in the
test submissfjon document:

a) manufadturer's name or other means of identification (for each component if @-test sample consists of parts
from different manufacturers);

b) manufagturer's model identification name and/or number (for each component if a test sample consigts of parts
from different manufacturers);

c) type of test sample in accordance with 5.1;

d) if appropriate, any certifications from the manufacturer which states that the test sample has been faken from
normal groduction and which gives details of the method-af selection in accordance with 5.3;

e) identificgtion of effective centrelines and effective centres in accordance with 5.2.2 and 5.5.2;
f)  record of any load application levers and thejr. Static alignment in accordance with 5.2.4;
g) any spegial alignment instructions for the‘test sample and/or attachments in accordance with 5.2.5;

h) tightening torque settings for copnecting bolts (particularly applicable to test samples for torsional tests in
accordaphce with 6.5.2.1 and 6.5.3:2.1).

8.3.2 Test gamples for all A-B-and M-L tests

Identification|of the worst-case alignment position in accordance with 5.5.3.

8.4 Information.required for tests

8.4.1 General

For each test sample, the information specified in 8.4.2 to 8.4.6 shall be included in the test submission document.

8.4.2 For all tests
Specify
a) the particular test requested, with reference to the relevant subclauses of clauses 6 and 7,

b) the particular set-up dimensions and the loads to be applied during the test in accordance with 6.3.1 and
clause 7.
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8.4.3 For all A-P and M-L tests

Specify the worst-case alignment position in accordance with 6.4.1.1.

8.4.4 For all torsional tests

Specify identification of the midpositions of all adjustable components in accordance with 6.5.2.1.

8.4.5 For all cyclic tests

Specify

a) replag

b) ifapp
accor

c) thete|

8.4.6 Fo

If appropri
of 6.4.3.7.

9 Test

9.1 Ger

9.1.1 TH

copy to the submitter of the test sample.

9.1.2 T

9.1.3 TH
serial num
laboratory
914 T
915 T
916 T
indicated.

ement intervals of specified parts in accordance with 6.4.4.1.6 and 6.5.3.1.6;

fopriate, request for visual examination of the test sample after successful completion of the
ance with 6.4.4.1.7 and 6.5.3.1.7;

5t frequency called for in accordance with 6.4.4.2.11 and 6.5.3.2.11.

[ A-P and M-L static failure tests

pte, request for continuation of the test until failure actually occurs in accordance with the I3
This request shall include instructions concerning the documentation of test results.

report

eral requirements

e test laboratory/facility shall prepare a test report for each test conducted and shall provide
e test laboratory/facility shall clearly indicate a name and address for communication purpos
ber) including identification’of each page, and information of total number of pages of the re
facility shall maintain-a.record of such identification.

e submitter of the test sample and the test laboratory/facility identification shall be clearly ing

e test repart’shall be signed on behalf of the test laboratory/facility by a designated person.

e date(s) of receipt of test samples and the date(s) of preparation of the test report sh

cyclic test in

st paragraph

at least one

€s.

e test laboratory/facility shall provide a unique and traceable identification for the test report (such as

port. The test

icated.

bl be clearly

9.1.7 All records called for in the relevant subclauses of clause 6 shall be copied into the test report.

9.2 Records required for all test samples

The following information for each test sample shall be included in the test report:

a) fully traceable identification for each sample tested. If the sample has no permanent identification mark, the
test laboratory/facility shall affix one after the test/tests has/have been completed;

b) the type of sample in accordance with 5.1;

c) the load application levers used in accordance with 5.2.4;
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d) the alignment of the sample in accordance with 5.2.4, 5.2.6 and 5.5;

e) tightening torque settings for connecting bolts (particularly applicable to test samples for torsional tests in
accordance with 6.5.2.1 and 6.5.3.2.1).

9.3 Records required for all tests
The following information for each test sample shall be included in the test report:

a) the particular test carried out in accordance with the relevant subclauses of clauses 6 and 7. In special cases
reference to the test submission document will be necessary;

b) the particular set-up dimensions and the loads applied during the test in accordance with 6.3.1 and-clause 7;
c) proof tegt of attachments (if required) in accordance with 6.3.2;

d) any pargicular arrangement in accordance with the second paragraph of 6.4.1.2 ‘and the noteg following
6.4.1.3, .4.4.2.8 and/or 6.5.3.2.6;

e) accuracy of test equipment and individual measurements in accordance with 6:8-
9.4 Recorfs required for results of A-P and M-L tests

9.4.1 Gengral

For each tes{ sample, the information specified in 9.4.2 to 9.4.4 shall be included in the test report.

9.4.2 Results of static A-P and M-L proof tests
Include reconds of

a) measurgments of offsets, effective levergarms, and lengths or displacements in accordance with 6.4.2.1,
6.4.2.5 and 6.4.2.8 and calculation of deformation in accordance with 6.4.2.9;

b) examingtion/inspection of function if accordance with 6.4.2.11;
¢) load at, fnd nature of, any faildre in accordance with 6.4.2.12.
9.4.3 Results of static A-P@and’M-L failure tests

Include recoids of

a) measurgments-of offsets and effective lever arms in accordance with 6.4.3.1 and 6.4.3.5;

b) the ultimateitest force I:°u inaccordance with 6436 and 6437

c) at the request of the manufacturer/submitter, results of the continuation of test until failure actually occurs in
accordance with the last paragraph of 6.4.3.7;

d) the mode of failure in accordance with 6.4.3.8.
9.4.4 Results of cyclic A-P and M-L tests

Include records of

a) measurements of offsets, effective lever arms, and lengths or displacements in accordance with 6.4.4.2.1,
6.4.4.2.5,6.4.4.2.6,6.4.4.2.9 and 6.4.4.2.13;
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